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I. Introduction

The South Carolina 8-hour ozone modeling study was initiated in January 2000 and was designed to
provide technical information relevant to attainment of an 8-hour National Ambient Air Quality Standard
(NAAQS) for ozone in South Carolina, with emphasis on the Anderson/Greenville/Spartanburg,
Aiken/Augusta, Columbia, Florence/Darlington, and Rock Hill areas. In addition, the study included
technology transfer, training, and support for the South Carolina Department of Health and
Environmental Control (SCDHEC) in setting up and conducting planned future-year emission-reduction
and/or control-strategy simulations.

The United States Environmental Protection Agency (EPA) has provided an option for areas currently
meeting the 1-hour ozone standard, like those in South Carolina, to attain the 8-hour ozone standard by
December 31, 2007, and obtain cleaner air sooner than federally mandated. This option offers a more
expeditious time line for achieving emissions reductions than expected under the EPA’s 8-hour ozone
implementation rulemaking, while providing “fail-safe” provisions for the area to revert to the traditional
State Implementation Plan (SIP) process if specific milestones are not met. Through the development of
this Early Action Compact (EAC), local, state, and EPA agree to work together to develop and implement
local and state early action plans. Based on the modeling results, portions of the plans may become a part
of the state early action SIP to reduce ground-level ozone concentrations to comply with the 8-hour ozone
standard by December 31, 2007, and maintain the standard beyond that date. Failure to meet the
obligations outlined in this EAC will result in immediate reversion to the traditional non-attainment
designation process as required in the Clean Air Act (CAA).

South Carolina has chosen to take part in the Early Action Compact. The 8-hour ozone modeling study
has been modified to meet the expectations of the Early Action Compact.

This report summarizes the methods and results of the photochemical modeling application for South
Carolina. The modeling effort included the application of the variable-grid Urban Airshed Model (UAM-
V) photochemical modeling system for one multi-day simulation period, evaluation of model
performance, and use of the modeling system to estimate ozone concentrations for 2007, 2012, and 2017.
The original 8-hour ozone modeling study planned to estimate ozone concentrations in 2010 as part of the
attainment demonstration. The future year inventory for 2010 was completed prior to the Early Action
Compact documentation and did not meet the inventory guidelines listed in the EAC guidance. To update
the 2010 future year inventory to meet the EAC guidance would have been too time consuming to meet
the deadlines for the EAC process. In addition, the 2010 future year emissions inventory is located
between the 2007 and 2012 future year emissions inventories and thus would provide minimal additional
information for the EAC process. As such, the 2010 future year emissions inventory is not included in
this document. An application of current 8-hour ozone attainment demonstration procedures was also
conducted. The databases and results obtained as part of this study may be used to support the early action
compact process and the development of a State Implementation Plan (SIP) for South Carolina, related to
the 8-hour ozone standard.

A. Background and Objectives

The South Carolina modeling analysis effort was primarily designed to provide technical information
related to 8-hour ozone issues in South Carolina, specifically to begin to develop a basis for meeting
regulatory modeling requirements and for longer-term decision making. Recent monitored ozone
concentration data suggest that several areas within the state may be designated as nonattainment areas
under an 8-hour National Ambient Air Quality Standard (NAAQS) for ozone. The standard requires that
the average, over three consecutive years, of each year’s fourth highest ozone concentration be less than
85 parts per billion (ppb) for a given monitoring site. Initial compliance with this standard was expected
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I. Introduction

to be based on data for the period 1997-1999; the modeling episode was also selected from these years.
Due to delays in implementing the 8-hour ozone standard, compliance is now expected to be determined
using data collected during the period 2001-2003.

To provide perspective on the 8-hour ozone issues in the region, Tables 1-1a through 1-1e list the 8-hour
ozone design values (the averages calculated for the NAAQS as described above) for the areas of interest
for the most recent, running three-year periods for which data are available: 1997-1999, 1998-2000, 1999-
2001, 2000-2002, and 2001-2003. For most areas, the calculated design values are similar for all three
periods. A designation of nonattainment relative to the 8-hour ozone standard requires that air quality
modeling techniques be applied as part of an attainment demonstration.

Table 1-1a.
1997-1999 8-hour ozone “design” values for the South Carolina areas of interest.

1997-1999 Design Value
Area
(ppb)

Aiken/Augusta 89

Anderson/Greenville/Spartanburg 95

Columbia 91

Darlington/Florence 88

Rock Hill 86
Table 1-1b.

1998-2000 8-hour ozone “design values” for the South Carolina areas of interest.

1998-2000 Design Value
Area
(ppb)

Aiken/Augusta 92

Anderson/Greenville/Spartanburg 95

Columbia 95

Darlington/Florence &9

Rock Hill 84
Table 1-1c.

1999-2001 8-hour ozone “design values” for the South Carolina areas of interest.

1999-2001 Design Value
Area
(ppb)

Aiken/Augusta 87
Anderson/Greenville/Spartanburg 92
Columbia 94
Darlington/Florence 87
Rock Hill 83




I. Introduction

Table 1-1d.
2000-2002 8-hour ozone “design values” for the South Carolina areas of interest.

2000-2002 Design Value
Area
(ppb)

Aiken/Augusta 88

Anderson/Greenville/Spartanburg 92

Columbia 93

Darlington/Florence 86

Rock Hill 84
Table 1-1e.

2001-2003 8-hour ozone “design values” for the South Carolina areas of interest.

2001-2003 Design Value
Area
(ppb)

Aiken/Augusta 81
Anderson/Greenville/Spartanburg 87
Columbia 89
Darlington/Florence 82
Rock Hill 84

As noted in the above tables, only the Anderson/Greenville/Spartanburg area and the Columbia area have
been designated nonattainment for the 8-hour ozone standard.

A modeling platform was established through the development of the modeling databases, model
performance evaluation, and use of the modeling system to examine the effects of future-year emissions
changes on ozone concentrations for the modeling episode period.

The South Carolina modeling analysis was designed in accordance with draft EPA guidance (EPA,
1999a) for using modeling and other analyses for 8-hour ozone attainment demonstration purposes. The
modeling analysis components include a comprehensive episode selection analysis to identifying suitable
periods for modeling, application and evaluation of a photochemical modeling system for one multi-day
simulation period, projection of emissions and ozone concentrations for this simulation period in 2007,
2012, and 2017, and evaluation of the effects of various emissions reduction scenarios on future-year
ozone air quality. While photochemical modeling is currently the best available and most widely used
technique for estimating the effects of emission changes on future-year ozone levels and for evaluating
attainment strategies, EPA also recommends that additional analysis of observed data be included as part
of an attainment demonstration. Thus it is anticipated that future efforts will also include the analysis of
observed data to corroborate the results and conclusions of the modeling analysis.
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B. Overview of the SC DHEC Modeling System

The primary modeling tools selected for use in this study include: the variable-grid Urban Airshed Model
(UAM-V) Version 1.31, a regional- and urban-scale, nested-grid photochemical model; the Emission
Preprocessor System (EPS2.5), for preparation of model ready emission inventories; the Biogenic
Emission Inventory System with 4km resolution land-crop data (BEIS-2+), for estimating biogenic
emissions; the MOBILE6 model, for estimating motor-vehicle emissions; and the Pennsylvania State
University/National Center for Atmospheric Research (PSU/NCAR) Mesoscale Model, Version 5
(MMS5), for preparation of the meteorological inputs. The UAM-V modeling system outputs were
summarized and displayed using the UAM-V Postprocessing System (UPS) and the SC DHEC ACCESS
Database for Visualizing and Investigating Strategies for Ozone Reduction (ADVISOR). Figure 1-1
provides an overview of the SC DHEC modeling system, including key input data requirements, UAM-V
input files, and interactions among the modeling system components.

1-4
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C. Overview of the UAM-V Modeling System

The variable-grid Urban Airshed Model (UAM-V) is a three-dimensional photochemical grid model that
calculates concentrations of pollutants by simulating the physical and chemical processes in the
atmosphere. The basis for the UAM-V is the atmospheric diffusion or species continuity equation. This
equation represents a mass balance that includes all of the relevant emissions, transport, diffusion,
chemical reactions, and removal processes in mathematical terms.

The major factors that affect photochemical air quality include:

e The pattern of emissions of NO, and volatile organic compounds (VOC), both natural and
anthropogenic

e Composition of the emitted VOC and NO,

e Spatial and temporal variations in the wind fields

e Dynamics of the boundary layer, including stability and the level of mixing
e Chemical reactions involving VOC, NO,, and other important species

e Diurnal variations of solar insolation and temperature

e Loss of ozone and ozone precursors by dry and wet deposition

e Ambient background of VOC, NO,, and other species in, immediately upwind of, and above the study
region.

The UAM-V simulates all of these processes. The species continuity equation is solved using the
following fractional steps: emissions are injected; horizontal advection/diffusion are solved; vertical
advection/diffusion and deposition are solved; and chemical transformations are performed for reactive
pollutants. The UAM-V performs these four calculations during each time step. The maximum time step
is a function of the grid size, maximum wind velocity, and diffusion coefficient. The typical time step is
10—15 minutes for coarse (10-20 km) grids and a few minutes for fine (1-2 km) grids.

Because it accounts for spatial and temporal variations as well as differences in the reactivity of emissions,
the UAM-V is ideal for evaluating the air-quality effects of emission control scenarios. This is achieved by
first replicating a historical ozone episode to establish a base-case simulation. Model inputs are prepared
from observed meteorological, emissions, and air quality data for the episode days using prognostic
meteorological modeling and/or diagnostic and interpolative modeling techniques. The model is then
applied with these inputs, and the results are evaluated to determine model performance. Once the model
results have been evaluated and determined to perform within prescribed levels, the same base-case
meteorological inputs are combined with modified or projected emission inventories to simulate possible
alternative/future emission scenarios.

The UAM-V modeling system (Version 1.3) incorporates the Carbon-Bond IV chemical mechanism with
enhanced isoprene chemistry. It represents an extension of the UAM (also referred to as UAM-IV).

The Carbon Bond Toxics Mechanism (CBM-Tox) as used in the UAM-V, is an expanded version of the
Carbon Bond mechanism version IV (CBM-1V, Gery et al., 1989). The details of the development of
CBM-Tox and its implementation into the UAM are described by Ligocki and Whitten (1991) and
Ligocki et al. (1992). Explicit chemistry has been added for several toxic species such as benzene, 1, 3-
butadiene, and naphthalene. In addition to naphthalene other polycyclic organic matter (POM) is
specially treated by two surrogates based on molecular weight: POM1 for MW 160 to 220 and POM?2 for
heavier species. The POM surrogates include such species as the benzo-pyrenes found in diesel exhaust.
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Treatment of the POM species includes a gas-particle phase distribution, which is calculated for each time
step and grid cell, based upon the temperature and local total suspended particulate concentration.

The main expansion to the original chemistry of the CBM-IV involves explicit treatment of acetaldehyde
(instead of ALD2, which is based on acetaldehyde chemistry as a surrogate for internal olefins and all
adehydes other than formaldehyde). CBM-Tox expands ALD?2 to three species (ALDX for aldehydes
with more carbons than acetaldehyde, IOLE for internal olefins, and PPN for C3 and greater PAN-like
compounds). Toxic formaldehyde is explicitly treated in both the original CBM-IV and CBM-Tox.
However, as implemented in UAM-V primary and secondary species are provided for both acetaldehyde
and formaldehyde.

When originally expanded the “Tox” version produced essentially the same results as the regular CBM-
IV mechanism. However, it was subsequently realized that the higher aldehydes (ALDX) apparently
photolyze to free radicals as much as four times faster than acetaldehyde. Tests have shown the CBM-Tox
to give as much as 30 percent more ozone at very low VOC-to-NOx ratios compared to the standard
CBM-1V; at higher ratios the two versions give essentially identical results. Coincidentally, two
independent studies have been published (Simonaitis, Meagher, and Bailey, 1997, and Hess et al., 1992)
which claim that the CB-IV mechanism appears to exhibit inadequate ozone performance at the lowest
VOC to NOx ratios when tested against smog chamber data using comprehensive urban-like mixtures of
VOC.

The UAM-Tox has been used in several projects such as the following: Guthrie et al. (1997), Ligocki et
al. (1992), and Ligocki and Whitten (1992).

Features of the UAM-V modeling system include:

1. Variable vertical grid structure: The structure of vertical layers can be arbitrarily defined. This allows
for higher resolution near the surface and facilitates matching with output from prognostic
meteorological models.

2. Three-dimensional meteorological inputs: The meteorological inputs for UAM-V vary spatially and
temporally. These are usually calculated using a prognostic meteorological model.

3. Variable grid resolution for chemical kinetic calculations: A chemical aggregation scheme can be
employed, allowing chemistry calculations to be performed on a variable grid while advection/diffu-
sion and emissions injections are performed on a fixed grid.

4. Two-way nested grid: Finer grids can be imbedded in coarser grids for more detailed representation of
advection/diffusion, chemistry, and emissions. Several levels of nesting can be accommodated.

5. Updated chemical mechanism: The original Carbon Bond IV chemical mechanism has been updated
to include the XO,—RO, reaction and new temperature effects for PAN reactions. The updated
chemical mechanism also supports the enhanced treatment of isoprene, hydrocarbon, and toxics
species.

6. Dry deposition algorithm: The dry deposition algorithm is similar to that used by the Regional Acid
Deposition Model (RADM).

7. True mass balance: Concentrations are advected and diffused in the model using units of mass per
unit volume rather than parts per million. This maintains true mass balance in the advection and
diffusion calculations.
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8. Plume-in-grid treatment: Emissions from point sources can be treated by a subgrid-scale Lagrangian
photochemical plume model. Pollutant mass is released from the subgrid-scale model to the grid
model when the plume size is commensurate with grid cell size.

9. Plume rise algorithm: The plume rise algorithm is based on the plume rise treatment for a Gaussian
dispersion model.

D. Modeling Grid Specification

The modeling domain for application of the UAM-V was designed to accommodate both regional and
subregional influences as well as to provide a detailed representation of the emissions, meteorological
fields, and ozone (and precursor) concentration patterns over the area of interest. The UAM-V modeling
domain is presented in Figure 1-2 and includes a 36-km resolution outer grid encompassing the
southeastern U.S; a 12-km resolution intermediate grid; and a 4-km resolution inner grid encompassing
South Carolina and portions of Georgia, Tennessee, and North Carolina.

The regional extent of the modeling domain is intended to provide realistic boundary conditions for the
primary area of interest and thus avoid some of the uncertainty introduced in the modeling results through
the incomplete and sometimes arbitrary specification of boundary conditions. The offshore extent of the
domain is designed to accommodate the simulation of over-water pollutant transport and recirculation.
The use of 4-km grid resolution over the entire State of South Carolina is consistent with an urban-scale
analysis of all of the areas of interest.

The UAM-V domain is further defined by eleven vertical layers with layer interfaces at 50, 100, 200, 350,
500, 750, 1000, 1250, 1750, 2500, and 3500 meters (m) above ground level (agl).

The modeling domain for application of MM5 is shown in Figure 1-3. This domain is much larger than
that for UAM-V, in order to enable the simulation of any important synoptic scale features and their
influence on the regional meteorology. The modeling domain consists of an extended outer grid with
approximately 108-km horizontal resolution and four inner (nested) grids with approximately 36, 12, and
4-km resolution. The horizontal resolution is specified to match that for UAM-V. A one-way nesting
procedure and 22 vertical levels are employed. The vertical grid is defined using the MMS5 sigma-based
vertical coordinate system. The layer thickness increases with height such that high resolution is achieved
within the planetary boundary layer. The vertical layer heights for application of MMS5 are listed in Table
1-2.
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Table 1-2.
MMS vertical levels for the SC DHEC application

. Height'

1 0.996 30
2 0.988 80
3 0.982 125
4 0.972 215
5 0.960 305
6 0.944 430
7 0.928 560
8 0.910 700
9 0.890 865
10 0.860 1115
11 0.830 1370
12 0.790 1720
13 0.745 2130
14 0.690 2660
15 0.620 3375
16 0.540 4260
17 0.460 5240
18 0.380 6225
19 0.300 7585
20 0.220 9035
21 0.140 10790
22 0.050 13355

! Representative heights—actual heights vary by hour and by grid.
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E. Episode Selection/Simulation Periods

This section describes the methods and results of the episode selection analysis conducted to support the
modeling exercise. SC DHEC performed the analysis, and major portions of this section were adapted
from an SC DHEC internal report. One episode was selected for this first high-resolution photochemical
model application for South Carolina.

Episode selection for the South Carolina modeling/analysis was based on a review of air quality data, and
followed the methods described in the current (draft) EPA guidance (EPA, 1999a). The years 1993, 1996,
1997, and 1998 were examined. For each year considered, design values were calculated using data for
the current year, previous year, and following year. Quality-assured ozone data for 1992 through 1999
were used. Additional information on the episode selection along with other episodes considered is
located in appendix 18 of the early action compact SIP.

The primary objective of the episode selection analysis was to identify suitable periods for analysis and
modeling related to the 8-hour ozone NAAQS for the Anderson/Greenville/Spartanburg,
Aiken/Columbia, Florence/Darlington, and Rock Hill areas in South Carolina. The approach to episode
selection is consistent with current (draft) EPA guidance (EPA, 1999a) on episode selection for 8-hour
ozone attainment demonstration modeling. In this guidance, EPA lists the following as the most important
criteria for choosing episodes:

e Monitored ozone concentrations comparable to the severity as implied by the form of the NAAQS

e Representation of a variety of meteorological conditions observed to correspond to monitored ozone
concentrations of the severity implied by the form of the NAAQS

e Data availability

e Selection of a sufficient number of days so that the modeled attainment test is based on several days

EPA also provides several secondary criteria for episode selection:

e Episodes used in previous modeling exercises

e Episodes drawn from the period on which the current design value is based

e Observed concentrations are “close” to the design value for as many sites as possible

o Episodes are appropriate for as many of the nonattainment areas as possible (when several areas are
being modeled simultaneously)

e Episodes that include weekend days

Methodology and Results

In accordance with EPA guidance, the primary objectives of the episode selection analysis were to
identify candidate modeling episodes that

1. Represent the type of meteorological conditions that accompany ozone exceedances,

2. Are influenced by different airflow patterns (as primarily characterized by local wind speed and
direction) on different days,
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3. Have ozone concentrations that are representative of the design value (the guidance quantifies the
latter with a range of 10 ppb),

4. Have multiple days with maximum 8-hour ozone concentrations within 10 ppb of the design value for
each site/area, and

5. Accommodate as many areas of the state as possible’.

Eight hour ozone data were examined for the years 1992 through 1999. The data were categorized
according to ozone levels set forth in the guidance. Eight-hour ozone values of 64 ppb or less were
categorized as “low,” those from 65 ppb to 84 ppb, as “moderate,” 85 ppb to 105 ppb as “high,” and
greater than 105 ppb as “very high.” The categorized data were then examined to determine the years for
which the greatest number of high ozone values occurred. These totals along with information on ozone
distributions relative to design values were the basis for the selection of years for which to further
examine ozone data.

The frequency of occurrence of days within each of the ozone categories is presented in Table 1-3 (The
lowest category has been dropped from the table.)

Table 1-3.
Summary of maximum 8-hour ozone concentrations for South Carolina for 1992-1999

65ppb<03< 85ppb<03< >105 ppb

85 ppb 105 ppb
1992 113 6 0
1993 827 64 7
1994 387 43 0
1995 568 45 2
1996 139 3 0
1997 861 65 0
1998 1089 190 8
1999 1072 149 5

The totals for the High and Very High categories represent the number of exceedances of the 8-hour
standard for all of South Carolina for each year. There is a peak in the number of exceedances in 1993

and then again toward the end of the period. If the newly proposed 8-hour standard were in effect in 1993,
South Carolina would have recorded 71 exceedances. Seven of those would have fallen in the “Very
High” category. Lower ozone levels were recorded in 1992, 1994, 1995, and 1996. Based on the proposed
8 hour standard, only three exceedances would have occurred statewide during 1996. The greatest number
of exceedances, 198, occurred in 1998.

2 This is an important consideration for this study, since this is the first detailed photochemical modeling exercise for South
Carolina. This modeling exercise will therefore facilitate the evaluation of the emissions inventory and the ability of the
modeling system to simulate ozone concentration levels and patterns both regionally and in different parts of the State.
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To represent years in which a low number and high number of exceedances occurred, the years of 1993,
1996, 1997, and 1998 were analyzed. Although episode selection was carried out for all four years, only
the results for 1998 are presented here. Because the ozone season of 1998 was the worst on record, the
year provides a potentially rich data set for ozone modeling — and potentially several episodes that are
representative of current design values.

The selection of the ozone episode for 1998 was a multi-step process. Design values were calculated for
each monitor in South Carolina for 1998, by averaging the 4™ highest ozone values from each of the years
1997, 1998, and 1999. If the design value of any monitor was less than 75 ppb, (10 ppb below the
standard) the monitor was excluded from the analysis. All monitors had design values greater than 75
ppb. Design values for 1997-1999 are presented in Table 1-4.

Table 1-4.
1997-1999 design values for South Carolina
monitoring sites used for 75 ppb screening test.

Army Reserve Indiantown

Ashton 82 Jackson 89
Barnwell 88 Long Creek 86
Bushy Park 78 North Spartanburg 94
Cape Romain 75 Parklane 92
Chester 91 Pee Dee 88
Clemson 90 Powdersville 95
Congaree Swamp 73 Sand Hill 90
Cowpens 93 Trenton 85
Delta 84 York 86
Due West 86

The top 8-hour ozone concentrations for each of the years 1997 — 1999 were also identified and averaged,
for comparison purposes. All 8-hour ozone concentrations within approximately 10 ppb of the design
value at each monitor were identified. Table 1-5 shows the range of values noted at each monitor. Dates
with 8-hour ozone concentrations within the given range were selected for modeling purposes. Once these
dates were selected, they were classified by meteorological conditions, with emphases on the wind
parameters.
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Table 1-5.
Range of values within 10 ppb of
the 4™ highest 8-hour ozone concentration at each site.

Army Reserve 69 — 89 Indiantown 63 —83
Ashton 72-92 Jackson 79 -99
Barnwell 78 — 98 Long Creek 76 — 96
Bushy Park 68 — 88 North Spartanburg 84 - 104
Cape Romain 65 -85 Parklane 82 -102
Chester 81101 Pee Dee 78 — 98
Clemson 80—100 Powdersville 85-105
Congaree Swamp 63 —83 Sand Hill 80— 100
Cowpens 83-103 Trenton 75 -95
Delta 74 -94 York 76 — 96
Due West 76 — 96

Seven ozone episodes were selected and examined for the 1998 season. The episode of 15 — 22 May is
presented here. Dates in bold italics in Table 1-6 represent days for which the maximum 8-hour ozone
levels were within 10 ppb of the design values for the given monitor. The table divides South Carolina
into four regions (Coastal, Midlands, Upstate, and Central Savannah River Area or CSRA). This helps to
identify the regional impact of the ozone episode. Note that all areas were impacted by this early season
event. During this period, a stagnant, flat upper-ridge was centered over the Gulf of Mexico, and extended
northward into the Deep South and Southeast. This position of the upper-high cut off the moisture from
the Gulf of Mexico, and resulted in unseasonably hot and dry weather in South Carolina.

The final step in the selection of ozone episodes was to classify the days from Table 1-5 by wind speed
and direction. Table 1-6 lists examples of classification for two monitors during this May episode. On 16
May, the maximum 8-hour average ozone concentration at Army Reserve was within 10 ppb of the
standard, with a wind speed of 5 mph from the south-southwest. On 18 May, the average was within 10
ppb of the design value and exceeded the 8-hour ozone standard, but the winds were from the east-
southeast at 7.9 mph. These data yield a variety of different wind directions and wind speeds, thus
satisfying the EPA guidance.

Table 1-6 also shows, for each region and over all monitors, the percent of monitors for which a given
day had maximum 8-hour ozone within 10 ppb of that monitor’s design value. During each of the days in
18 — 22 May, over 50% of all monitors met this criteria. Therefore these days were identified as key days,
and selected to define the episode for future air quality modeling. On these days, 67, 81, 67, 62, and 52
percent of the monitors respectively, recorded 8-hour ozone concentrations within 10 ppb of the monitor
design value.
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Table 1-6.
Episode days with 8-hour ozone values within 10 ppb of the design value at a given monitor
(bold italics). Percentages (shaded) represent monitors for region
meeting criteria for given day.

Cape Romain 15-May  16-May 17-May  18-May 19-May 20-May 21-May 22-May
Army Reserve 15-May  16-May 17-May  18-May  19-May  20-May 21-May  22-May
Ashton 15-May  16-May 17-May  18-May  19-May 20-May 21-May  22-May
Bushy 15-May  16-May 17-May  18-May  19-May 20-May 21-May  22-May
Indiantown 15-May  16-May 17-May  18-May 19-May 20-May 21-May  22-May
Coastal % 40% 80% 20% 80% 60% 80% 80% 80%

Sandhill 15-May  16-May 17-May  18-May  19-May  20-May 21-May  22-May
Parklane 15-May 16-May 17-May  18-May 19-May  20-May 21-May 22-May
Congaree 15-May  16-May 17-May 18-May 19-May 20-May 21-May  22-May
Pee Dee 15-May  16-May 17-May  18-May  19-May 20-May 2I-May  22-May
Midlands % 50% 50% 0% 25% 100% 75% 75% 25%

Chester 15-May  16-May 17-May  18-May  19-May 20-May 21-May 22-May
Clemson 15-May  16-May 17-May  18-May 19-May 20-May 21-May 22-May
Cowpens 15-May 16-May  17-May  18-May  19-May  20-May 21-May 22-May
Delta 15-May 16-May 17-May  18-May  19-May 20-May 21-May  22-May
Due West 15-May  16-May 17-May  18-May 19-May 20-May 21-May  22-May
Longcreek 15-May  16-May 17-May 18-May 19-May 20-May 21-May 22-May
N Spartanburg 15-May  16-May 17-May  18-May 19-May 20-May 21-May 22-May
Powdersville 15-May 16-May 17-May  18-May 19-May 20-May 21-May 22-May
York 15-May 16-May 17-May 18-May 19-May 20-May 21-May  22-May
Upstate % 33% 0% 0% 89% 89% 67% 44% 33%

Barnwell 15-May  16-May 17-May  18-May 19-May 20-May 2I-May  22-May
Jackson 15-May  16-May 17-May 18-May 19-May 20-May 21-May  22-May
Trenton 15-May  16-May 17-May 18-May 19-May 20-May 21-May 22-May
CSRA% 33% 0% 0% 33% 67% 33% 67% 100%

Total % 38% 29% 5% 67% 81% 67% 62% 52%
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Wind speed (Ws) and wind direction (Wd) for selZciE!liioﬁitoring sites for key days of the May 1998 episode
period.
I TR TR
5/18/98 7.9 5/18/98
5/19/98 5.5 120 5/19/98 5.5 10
5/20/98 5/20/98 9.1 240

As indicated in Table 1-6, the days listed in Table 1-7 are key days with ozone concentrations within 10
ppb of the site-specific design value.

Findings from a Related Study

Results from a recent episode selection analysis designed to identify historical ozone episode periods
suitable for use in conducting analysis and modeling activities related to 1-hour and 8-hour ozone for
potential nonattainment areas in the northern portions of Georgia and Alabama (Douglas et al., 1999)
were examined to see if the SC DHEC episode days were also chosen using a different approach for
neighboring areas. The methodology used for this other episode selection analysis was based on that
developed for the Southern Appalachian Mountains Initiative (SAMI) episode selection study by Deuel
and Douglas (1998). Days within the analysis period 1990-1998 were classified according to
meteorological and air quality parameters using the Classification and Regression Tree (CART) analysis
technique. The frequency of occurrence of ozone exceedances for each classification type was then
determined for each of the areas of interest. Days with maximum ozone concentrations within
approximately 10 ppb of the respective design values were also identified. Finally, an optimization
procedure was applied to the selection of multi-day episodes for maximum achievement of the specified
episode selection criteria, outlined above, for various combinations of geographical areas and ozone
metrics (i.e., 1-hour and 8-hour ozone).

Results for the Atlanta area do not indicate that these episode days represent typical meteorological/ozone
exceedance regimes for the Atlanta area. However, 8-hour ozone concentrations greater than 100 ppb
were recorded at one or more of the Atlanta-area monitoring sites on all five days, with a maximum 8-
hour value of 125 ppb on 19 May.

Results for the Augusta, Georgia area (located along the Georgia/South Carolina border) were also
examined. Of the five May 1998 South Carolina episode days, three days, 19 — 21 May, were classified as
representative of frequently occurring meteorological/ozone exceedance regimes. Maximum 8-hour ozone
concentrations greater than 85 ppb were recorded on four of the five days (19-22 May), with a maximum
8-hour value of 105 ppb on 20 May.

The finding for Augusta from this alternative episode selection analysis indicates that the period of 18 —
22 May is valid for modeling purposes. The data for August and Atlanta suggest that ozone exceedance
was a regional event and that there is some potential for regional-scale transport.
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Other Considerations

For the purposes of identifying certain meteorological regimes that led to the ultimate selection by DHEC
of the May 16-23, 1998 episode, EPA draft guidance was applied to the unique climatology found across
the state of South Carolina. The recommendations were then sent to SAI for further analysis. Their
analysis confirmed the viability of the May 16-23, 1998 episode for South Carolina’s Urban Airshed
Model applications. Following both analyses, DHEC performed a third analysis to thoroughly evaluate
the episode choice along side a number of other potential time periods (from 1997 through 2000). This
third analysis found the May 1998 event to be the most representative example of various causes of
elevated ozone in our areas of concern: stagnation, recirculation, and transport.

The methodology evaluating these processes from a strictly synoptic meteorological point of view is not
an easy task. Paramount in attempting to correlate elevated ozone with raw climatology is the realization
that most processes involved are directly related to, though not entirely caused by, changes in wind speeds
and directions. They are also not confined strictly to the surface as they are more often than not largely
affected by meteorology extending well above the planetary boundary layer (PBL). Unfortunately,
instrumentation does not yet exist in a spatial resolution adequate enough to gain the most ideal synopsis
of wind characteristics across an area as large as nearly three-fourths of the State of South Carolina.
Therefore, steps were taken in this study to extrapolate the overall flow of the episode from start to finish
through the three aforementioned causes of elevated ozone throughout this period. As noted in Table 1-8
below, the selected episode can be reliably divided into 6 distinct “regimes”, intuitively interpreted from
existing observational data and model output. This summary will highlight the significance of each of
these six periods to the identification of the May 16-23, 1998 episode as the proper choice for regional
scale attainment modeling in South Carolina.

Table 1-8.
Progression of meteorological regimes for the 1998 modeling episode.

Period Timeframe Wind Field Characteristics

Starting out southerly, and of moderate speeds, then veering more southwesterly
1) Background 5/16 thru 5/17 thru period ahead of approaching back door front.

Gradual veering more westerly, then sharp northeasterly behind weak back-door

2) Buildup 5/17 thru 5/18 frontal boundary passing through.
3) Stagnation 5/18 thru 5/19 Backing more ea'ster'ly as front. dissolves, then becoming light & variable (<5 kt)
as core of mesohigh in weak wind field moves over.
Slow veer around to more SW as ridge expands. Winds very light initially (~5kt),
4) Recirculation 5/19 thru 5/20 but gradual pick up of speed as main anticyclonic circulation moves off the GA
coast.
Moderate SW transport to west of lee-side trof over Upstate region. Becomes
5) Transport 5/20 and 5/21 almost due westerly as lee trof strengthens with added subsidence from building

ridge aloft.

Sharp veering over lower state back to moderate easterly flow as next back-door
6) Cleanout 5/22 and 5/23 front moves in and orients N-S. Mesolow moves over, resulting in a sharp veer to
moderate southerly flow statewide thru end of event.

The Background period, denotes the initial state of the wind field at the beginning of the modeling
episode (00z 16-MAY-1998), while a fairly normal early summer-like pattern was set up over the
Southeastern US. At this point, surface analysis (figure 1-4a) showed a weak surface ridge across the
state. Winds were, for the most part, southerly at 8-10 knots across the areas of concern for the modeling
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project (figure 1-4c). With upper-level ridging (figure 1-2b) over the Gulf Coastal states, there was a trend
towards mid-level subsidence on a moderate NW flow aloft. As such, a lee-side thermal trough had
formed over the Upstate region, with a good sea breeze front along the coast indicative of a strong
thermal gradient set up between sea-surface temperatures only in the 70s, with those over inland areas up
to 20 degrees warmer. With such a buoyant atmosphere, the mixed layer in the PBL gradually rose, with
convection currents causing a number of small scale anticyclonic eddies scattered about the area at
random.
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Figure 1-4a-c Synoptic Features, Background Period

Figure 1-4a (above), 1000mb analysis: In weak
pressure field of overall ridging, weak lee-side trof
exists over central SC, with a number of mesohighs:
over the spine of the Appalachians, off the Gulf Coast
of FL, and along the Atlantic Coast of SC & GA.

« BB UTC 16 MAY 1998

Figure 1-4b (above right), 500mb analysis: SC
influenced mainly by interaction between large 591dm
ridge centered over Central Gulf Coastal states, and
568dm trof extending into Atlantic just north of

METEOROLOGICAL DATASET IMFORMATION
on tima

Initializati

Bermuda.

Figure 1-4¢ (lower right), 1000mb streamlines: Shows WIND FLACS

. . STREAMLINES

light southerly flow across most of SC, with broad lee TLAG (ENTS). IVL- 1000, 00 UTC 10 MAY 1006 (+ 00 1 )
STRM (KNTZ), LVL=1000., 00 UTC 16 MAY 1998 {+ 0C H

trof from Piedmont to Coastal sections. Winds
converging over extreme Upstate region denote
formation of a more synoptically forced pre-frontal trof
ahead of back-door front (becoming increasingly
diffuse over Appalachians).

The Buildup period began through the early morning hours on 17 May, with the approach of a shallow
back-door cold front becoming diffuse as it passed over the rough terrain of the Appalachians of Western
NC (figure 1-5a). Little support existed by this time in the upper levels for large-scale synoptic movement
of such a shallow air mass (figure 1-5b). Though winds increased and aligned themselves more
southwesterly ahead of this boundary, they eventually began to lighten in the subsidence zone east of the
trof associated with the main convergence boundary of the front. By the afternoon of the 17th, this
boundary had clearly lost momentum, with light-and-variable (LV) winds, defined as winds below 5
knots in this case, to the east of the trof situated across the Pee Dee and Midlands areas of the state. This
allowed for increased low-level subsidence along and behind the main frontal boundary (figure 1-5¢).
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Figure 1-5a-c Synoptic Features, Buildup Period

Figure 1-5a (above), 1000mb analysis: By the morning
of 17 May the back-door front was now wedging across
the breadth of SC with a significant surface ridge poised
to build rapidly southeast as the front dissipates.

Figure 1-5b (above right), 500mb analysis: Mesoscale
ridge axis is now to the west, building over core of
surface ridge. With flow aloft now oriented
northwesterly, this “stacked” ridge should be able to
build all the way across SC in time.

Figure 1-5¢ (lower right), 1000mb streamlines:
Southerly flow now veering around more southwest
ahead of diffuse frontal boundary, with very light &
variable (<5kt) flow in the zone of subsidence to the
west of the boundary. This flow will continue to veer
ahead of the building ridge on 18 May, the net result
being northeasterly winds across the majority of the
state.
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With the front rapidly losing momentum and the upper-ridge now consolidated all the way from the
Atlantic Seaboard back into the Mississippi Valley, the surface high once pushing the front began to build
over the state on a steady NW flow aloft (Figure 1-6a-b). By the afternoon on 17 May, winds behind the
dissipating boundary had begun a progressive shift around to northeasterly around 8-10 knots. They then
diminished to dead calm overnight as a small anticyclonic eddy (“mesohigh”) built across the entire state
(Figure 1-6¢). This marked the onset of the “stagnation” period, characterized by the continued buildup of
a pool of 0zone precursors across a wide area into the afternoon of 19 May. Due to near perfect
production conditions (little horizontal motion, high mixing heights, temps in the low 90s w/near 100%
insolation, low afternoon relative humidity, and subsiding vertical motion aloft), this pool would provide
the basis for the onset of the peak two days of the ozone event.
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Figure 1-6a (above), 1000mb analysis: The ridge had
just about built across the entire interior Southeast, with
no trace of the back-door front or its now filled-in trof.
The pressure gradient is now so weak, that the pattern is
susceptible to a great deal of variation in trajectories
within the wind field.

B5 UTC 19 MAT 1993

on times

Figure 1-6b (above right), 500mb analysis: The overall
expansion of the ridge has shifted into the Central and
Northern Plains. Though geopotential heights are lower
than the previous day, the trof to the east is also weaker.
Thus, a broad zone of negative vorticity continues to
advect (NVA) into the Carolinas, enhancing subsidence
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Figure 1-6¢ (lower right), 1000mb streamlines: The
overnight period of 18 — 19 May was marked by a
mesohigh that broke off and traversed SC from NW to
SE. As the pressure field further weakened under this
anticyclone, winds nearly died out across two thirds of
the state.

The Recirculation period began in the early afternoon of 19 May as the core of the surface high moved
off the Atlantic Seaboard, with winds beginning to increase on the north and west side its core (Figure 1-
7a). With a continuation of subsiding air aloft, vertical mixing in the PBL remained inhibited. Thus,
precursors that had begun pooling in the lower atmosphere since 18 May were unable to disperse. With
the axis of the surface ridge continuing to pull offshore, the entire air mass began to spread west into
Georgia. A low-level jet of 10-12 knots then began to set up just to the east of the Blue Ridge. By the
time this flow became mature and the transport period of the event began, the air mass had effectively
recirculated over its initial source areas, only to pick up more precursors (Figure 1-7b).
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Figure 1-7a-b Synoptic Features, Recirculation Period.

Figure 1-7a (above left), 1000mb analysis: The core of the surface high consolidates as it moves offshore,
flattening out to the west along the Northern Gulf Coast. The pressure gradient strengthening slightly, winds
began a slow pickup in speed.

Figure 1-7b (above right), Sfc streamlines (no 1000mb available): Winds have picked up 5-8 knots from the south
and southwest, the opposite direction as the day before. Air mass trajectory is now out over Central then Northern
GA, then back towards Upstate SC.

By the afternoon of 20 May, the low-level jet along the Blue Ridge had fully matured, topping out around
12 knots to the north of the I-85 corridor. With upper-level conditions virtually unchanged for the past 3
days, the recirculated air mass began to move and expand. It initially did so to the west, then eventually to
the north, before finally getting caught up in the flow along the lee of the Appalachians, which sent the
whole pool back to the Northeast. The mixing scheme within the air mass was becoming increasingly
suppressed as a trough began to develop in the Midlands and Upstate of SC, on the lee (cast) of the Blue
Ridge (Figure 1-8a). Open to upwind sourcing from urban areas to the west of SC, additional precursors
entered the already polluted air mass. This period of transport, the longest such period of the event,
occurred in two distinct phases. The first, southwesterly transport, affected mainly the Upstate of SC
through the afternoon on 20 May (Figure 1-8b). The second phase was marked by a fairly consistent
period of 8-10 knot westerly winds from late afternoon on 20 May through the end of peak ozone hours
on 21 May, affecting areas around Augusta, GA and Aiken, SC (Figure 1-8c). As this period of transport
began to wind down overnight on 21 — 22 May, the flow had been consistent from a general southwest or
westerly direction for a full 30-36 hours.
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Figure 1-8a-c Synoptic Features, Transport Period.

Figure 1-8a (above), 1000mb analysis: A moderate low-
level jet on 19 and 20 May gave way to a strong down-
sloping westerly flow on 21 May. A strong lee-side
trough developed, perpetuating this flow, aided by the
flat surface ridge that had moved to the south of the
Carolinas.

Figure 1-8b (above right), 11am 1000mb streamlines, 20
May: The southwesterly transport was most pronounced
as the day progressed on 20 May. Wind speeds were
nearly consistent around 10 kt across the entire Upstate
region.

Figure 1-8¢ (lower right), 5Spm 1000mb streamlines, 21
May: The downsloping flow during the peak ozone
hours of 21 May spread across the entire length of the
SC/GA border along the Savannah River. Even with
wind speeds now up to 12-15 knots in some places,
ozone readings in the Aiken / Augusta area soared.
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The cleanout period began as the upper-level ridge that had been so persistent to the west had finally over
extended itself by 22 May, breaking down into a rather broad ridge / trough pattern (Figure 1-9b). Sinking
air aloft was now replaced by a more neutral advection pattern, with a series of weak waves moving
through the flow providing brief bursts of enhanced vertical motion. Additionally, these disturbances
combined to nudge another back-door cold front into SC, albeit briefly (Figure 1-9a). The flow aloft
became zonal on 23 May, with the back-door front moving back into North Carolina as a warm front
(Figure 1-9¢). However, by then, winds, now around 10 knots out of a general southerly direction, had
already pushed most ozone residuals northward out of SC. Dispersion was now able to occur over a wide
area, hampering ozone production locally and upstream, effectively ending the episode.
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Figure 1-9a-c Synoptic Features, Cleanout Period.

Figure 1-9a (above), 1000mb: Weak ridging now
effectively replaced by a trof in the vicinity of a weak
back-door cold front. Winds that had been steady out of
the west for nearly two days were now responding to the
change in pressure field, backing to a more southerly
direction.

Figure 1-9b (above right), 500mb: The ridge over the
Mississippi Valley had now broken down and broadened
along the Gulf Coast. A number of pockets of short-
wave energy are now apparent in the flow, each
providing a brief period of positive vorticity advection
(PVA), helping to lift and mix the air vertically.

Figure 1-9¢ (lower right), 1000mb streamlines: By the
morning of 23 May, the back-door front was on its way
back northward out of SC, pushed along by a fairly
steady ten knot southerly flow.
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In order to make certain potential ozone episodes were properly evaluated prior to their selection for
modeling purposes, meteorologists at SC DHEC felt the basic EPA guidance, as drafted, required
expounding upon in order to determine the ideal episode to model. Towards this goal, independent studies

were completed by both DHEC and SAI, each designed to fully evaluate the episode period suspected to

be the best fit for attainment modeling purposes. The first two studies show this to be true.

However, South Carolina has, as does every distinct geographic area, its own unique climatology, whose

analysis cannot be easily condensed into uniform rules of interpretation. As such, this third and final
study was performed. In breaking down each potential episode to smaller units of time, and using the best

available synoptic tools in the analysis, the ultimate selection of the proper episode to model became a

much more reliable and definitive process. The third analysis also showed the May 16-23, 1998 episode
to be the best modeling period available for use in the Bureau’s UAM-V modeling project.

A typical modeling episode periods includes 2 to 3 start-up days, during which the influence of the initial
conditions, which are not well known, is expected to be greatest, and one clean out day, used for model
evaluation purposes to ensure that the model is able to simulate both higher and lower ozone
concentration days. It is also desirable to initiate the simulation when the ozone concentrations are
relatively low, so that day-to-day ozone carryover from the start-up days to the primary days is
minimized. This is particularly important if the concentrations for the start-up days are not accurately

simulated.

Based on a review of the ozone data for sites in South Carolina, as well as for Atlanta and Augusta, the
recommended modeling period is 16 — 23 May. This eight-day period begins and ends on a Saturday.

Thus all key modeling days are weekdays.
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Summary

In summary, the 16 — 23 May 1998 period provides a good basis for modeling for all four areas, for the
objectives of capturing multiple high ozone days and some different wind directions for the South
Carolina monitoring sites. The key modeling days are 18 — 22 May. The episode provides a good episode
for modeling because several different areas of the state are affected, thus allowing an evaluation of the
emissions inventory as well as the ability of the modeling system to replicate the observed ozone
concentration patterns and levels. The results of the methodology used for this analysis were backed by
results from a related study done for the Augusta area in neighboring Georgia.

F. Meteorological and Air Quality Characteristics of the
Modeling Episodes

Meteorological and Air Quality Characteristics of the Modeling Episode Period

The modeling episode period includes eight days that, in accordance with the episode selection goals,
represent a range of meteorological and air quality conditions within South Carolina. The characteristics
of the simulation period are described in this subsection of the report. The episode days are also intended
to represent those conditions that most frequently accompany ozone exceedances in the areas of interest.
Thus, we begin this section with a brief discussion of the key factors that influence ozone concentrations
within South Carolina and the areas of interest.

Conceptual Model of Ozone Formation

Ozone episodes for many areas in the U.S. are often characterized relative to regional-scale
meteorological high- and low-pressure patterns and specifically the presence of a surface-based high-
pressure system (an area over which the atmospheric pressure is relatively higher than the surrounding
areas). The location of the high pressure system relative to the area of interest determines the prevailing
wind and dispersion conditions and thus the source-receptor relationships that characterize an ozone
episode, whereas the persistence and strength of the system influence/determine episode severity. A
textbook depiction of an ozone episode places the high-pressure system over an urban area. This results in
suppressed vertical mixing of emissions/pollutants, low wind speeds or stagnation, low humidity, high
temperatures, clear skies, and strong solar insolation. These are the typical ingredients of an ozone
episode.

The “recipe” for high ozone concentrations varies throughout the U.S. according to geographical
characteristics, local and regional emissions characteristics, and the location of each area relative to other
areas in combination with pollutant-transport-conducive meteorological conditions. The complexity of
any conceptual model for ozone formation increases with each of these factors.

Somewhat counter to the typical characteristics of ozone episodes, experience has shown that many high
ozone events in South Carolina occur in conjunction with weak troughs or frontal systems. One
hypothesis as to why this occurs is that the vertical mixing generated by these disturbances enhances the
entrainment of ozone from aloft into the surface layer, where the measurements are obtained. The high
ozone aloft is attributable to regional-scale build up of ozone (i.e., day-to-day carryover) or transport.

High ozone events in South Carolina are also typically associated with regional-scale northerly or
westerly wind components (i.e., winds from the continent). This is easily explained by the notion that
wind directions from the ocean would typically bring cleaner air into the state.
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While the synoptic weather patterns influence the formation and transport of ozone throughout the region,
other factors also influence the ozone concentrations and concentration patterns. Superimposed on the
synoptic and regional effects are the local effects that determine ozone concentrations at the various
monitoring sites within South Carolina. The local factors vary from area to area within the state but
generally include low wind speeds, which limits dispersion. The sea breeze also plays a role in
establishing ozone concentration patterns along the coast, and further inland in some cases. The strength,
timing, and inland extent of the sea breeze can determine whether sites located along the coast are within
a zone of higher ozone, which often occurs along a sea breeze front, or whether they are influenced by the
lower concentrations and enhanced vertical mixing that a well-established sea breeze can bring once the
sea breeze front has moved further inland.

The May 1998 simulation period exhibits many of the typical characteristics of high ozone events in
South Carolina. The specific meteorological and ozone air quality characteristics of the simulation period
are summarized in the following subsections of the report.

Regional Scale Meteorology

In the following discussion, regional-scale meteorology for the modeling episode days is characterized by
the location and movement of synoptic or regional-scale features (such as high and low pressure systems
and fronts), prevailing wind directions, maximum temperatures within the region, and cloud-cover and
rainfall characteristics.

Surface weather maps for the May 1998 modeling episode period show high pressure over the Southeast
that is interrupted on two occasions by the passage (or setting up) of a weak trough or frontal system over
South Carolina. The first of these moves across the state from northwest to southeast during 16 and 17
May. This is followed by high pressure over the east and southeast through approximately 21 May. The
surface analysis for the 22™ shows an occluded front positioned across the state from west to east. This
frontal system moves in from the North and appears to stall over the Southeast. It persists with some
apparent movement to the North through the 23™.

The 500 mb meteorological charts (approximately 5000 m above ground level (agl)) show persistent high
pressure over the Gulf of Mexico throughout the simulation period. A high-pressure ridge is apparent
along the east coast during the first couple of days of the simulation period. This is followed by a
flattening of the high-pressure system over the Gulf of Mexico and a more zonal pressure pattern for the
remainder of the simulation period. Winds at this level gradually back from northerly to westerly during
the period.

Maximum temperatures in Charleston, Augusta, and Charlotte areas gradually increase through
approximately 21 May, but are relatively high (in the upper 80s to low 90s in degrees Fahrenheit (°F)) on
all of the modeling episode days. Except for the first day, there is little gradient in temperature across the
state. Rainfall occurs in the northeastern part of South Carolina on the 17" and then again on the 22" In
general, however, there is no significant rainfall for South Carolina during the modeling episode period.

The wind directions at upper levels (approximately 1000 m agl) vary throughout the period.
Northwesterly winds on the 16™ are replaced by a cyclonic circulation over the state on the 17", This is
followed by northeasterly winds at this level on the 18" that gradually become northwesterly by the 20"
Light and variable winds aloft on the 22™ reflect the presence of the occluded front across South Carolina
on this day. Southeasterly winds aloft on the 23™ mark the end of the episode period. There is much
variability in surface wind speeds and directions over South Carolina throughout this period.

In summary, the simulation period is influenced by both high pressure and weak low pressure troughs that
appear on certain of the simulation days. Thus, a couple of different synoptic- or regional-scale pressure
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patterns are represented by the simulation period. In addition, wind directions vary throughout the period
such that a variety of wind directions are captured; these include northerly, northeasterly, northwesterly,
westerly, southwesterly, and light and variable/cyclonic wind directions/patterns.

Ozone Concentrations and Key Ozone Episode Days

No monitoring sites in South Carolina exceed the 8-hour NAAQS on 16 and 17 May. The following five
days, 18 — 22 May, comprise the key ozone episode. For the first three of these days, exceedances occur
within all five of the primary areas of interest: Aiken/Augusta, Anderson/Greenville/Spartanburg,
Columbia, Florence/Darlington, and Rock Hill. The Columbia area continues to have sites in exceedance
of the 8-hour ozone NAAQS on 21 and 22 May. On 21 May, Rock Hill and Florence/Darlington also have
sites in exceedance of the NAAQS; on 22 May, an exceedance occurs in the
Anderson/Greenville/Spartanburg area. In the southern part of the state, the Ashton monitoring site has
peak 8-hour ozone values above the NAAQS from 19 — 22 May, but these values are lower than those for
most of the other South Carolina sites in exceedance on those days.

The statewide peak 8-hour ozone concentration occurs in the Anderson/Greenville/Spartanburg area on 18
May, and in the Columbia area for the rest of the ozone episode, 19 — 22 May. From 19 — 21 May,
exceedances also occur in nearby Augusta, GA, but these values are lower than those for the Aiken area.
However, throughout the episode, peak values in the Atlanta, GA area are consistently higher than all
other sites in the domain. While peak 8-hour ozone values for all of South Carolina range from 94 to 104
ppb during the episode, peak values in the Atlanta, GA area range from 103 to 125 ppb. Exceedances also
occur in the area of Charlotte, NC from 18 — 21 May; peak values on these days range from 88 to 105
ppb. These values are presented in Table 1-8 below.

May 19 and 20 stand out as days with exceedances all throughout the domain: in all four areas of interest
in South Carolina, as well as in Charleston, Atlanta, Augusta, and Charlotte. Eight-hour ozone is
especially high in Atlanta on the 19", with four monitoring sites exhibiting peak ozone values of 105 to
125 ppb. While exceedance occurs at many sites on 21 and 22 May (especially in the Columbia area),
peak ozone values in general decline over these two days. By 23 May, no monitoring site in the domain
exceeds the NAAQS.

Table 1-9.
Maximum 8-hour ozone values in selected regions of the domain for key episode days.

I
100 101 104 94 95

South Carolina

Location of Peak: Clemson, Jackson, Trenton, Barnwell, Jackson,
SC SC SC SC SC
Augusta, GA 82 92 99 94 78
Atlanta, GA area 108 125 105 104 103
Charlotte, NC area 93 101 105 88 74
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Emissions Influencing Ozone within South Carolina

All of the South Carolina EAC areas are located in the Southeast portion of the continental U.S. Regional
scale modeling results performed by EPA (e.g., EPA, 2004) as well as the modeling results presented later
in this report indicate that ozone concentrations in this region are influenced by ozone and precursor
transport from outside of the region. Emission source areas to the north, west, and south including major
metropolitan areas to the northeast, north, and west of the domain ensure the potential for a contribution
from regional-scale transport. As indicated in a previous section, ozone episodes are associated with a
variety of upper-level wind directions and, thus, a range of potential transport conditions.

Within the region, there are numerous sources of NO,, VOC, and CO emissions that likely also contribute
to ozone production in the region and affect one or more of the EAC areas. Ozone precursor emissions
from anthropogenic sources are the result of activity associated with transportation (both interstate and
local), electrical generation, manufacturing/industry, and other population-related sources (household
products, home heating, recreational equipment, etc.). A number of electrical generation stations,
chemical industry sources, and gas compressor stations are located in the region. In addition, other
sources such as manufacturing facilities contribute to the emissions totals in specific portions of the
region.

Plots of the anthropogenic NO, and VOC emissions by source category are presented for each EAC
region in Figure 1-10. In general, large sources of NO, include electric generation, other industrial
boilers, and mobile sources. The anthropogenic VOC emissions originate from a variety of area,
industrial, and transportation-related sources.

In addition to anthropogenic sources, South Carolina has a high percentage of VOC emissions from
biogenic sources, which are emitted from the region’s extensive hardwood and softwood forests, other
natural vegetation and from various crops that are raised in the region. The biogenic emissions in South
Carolina make up about 83 percent of the total VOC emissions on a typical summer day. The percentage
of the total VOC emissions from biogenic sources on a typical summer day is somewhat less for the EAC
areas and is 71% for the Columbia area and 68% for the Anderson/Greenville/Spartanburg area.

There is some slight variation in emissions day to day during a typical summer, with some decreases in
mobile emissions expected on weekend days and corresponding increases in non-road emissions, likely
associated with the usage of recreational equipment. The anthropogenic and biogenic precursor emissions
are affected by local and regional weather conditions, which affect the formation, transport, and
deposition characteristics of ozone concentrations within the region.

Emissions of NO, are expected to decrease in the future due to the implementation of the NO, SIP call
along with tier II and low sulfur fuel standards for mobile sources. As indicated later in this document,
South Carolina is primarily NOy limited in o0zone production so these NOy reductions should help reduce
ozone in the future.

G. Report Contents

The remainder of this document summarizes the methods and results of the SC DHEC 8-hour ozone
photochemical modeling analysis. The modeling protocol is presented in Section 2. Preparation of the
emissions inventory, meteorological, and other geographical/air quality/chemistry related inputs is
summarized in Sections 3, 4, and 5, respectively. Model performance evaluation is discussed in Section 6.
Future-year modeling and sensitivity analyses are discussed in Section 7. Application of the 8-hour ozone
attainment demonstration procedures is presented and discussed in Section 8. Review procedures for the
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modeling analysis are described in Section 9. Archival and data acquisition procedures are outlined in
Section 10.
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Figure 1-10a. Anderson, Greenville, Spartanburg area NOx 1998 Episode Emissions
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Figure 1-10b. Anderson, Greenville, Spartanburg area VOC 1998 Episode Emissions
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Figure 1-10c. Anderson area NOx 1998 Episode Emissions
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Figure 1-10d. Anderson area VOC 1998 Episode Emissions
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Figure 1-10e. Greenville area NOx 1998 Episode Emissions
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Figure 1-10f. Greenville area VOC 1998 Episode Emissions
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Figure 1-10g. Spartanburg area NOx 1998 Episode Emissions
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Figure 1-10h. Spartanburg area VOC 1998 Episode Emissions
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Figure 1-10i. Columbia area NOx 1998 Episode Emissions
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Figure 1-10j. Columbia area VOC 1998 Episode Emissions
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II. Technical Protocol

The modeling protocol document for the South Carolina 8-hour ozone modeling analysis was prepared in
December 2002 and updated July 2003. The protocol document provides information regarding the
organizational structure of the modeling study, study participants, communication structures, and the
resolution of technical difficulties. It also provides detailed information on each element of the modeling
analysis, including selection of the primary modeling tools, methods and results of the episode selection
analysis, modeling domain, model input preparation procedures, model performance evaluation, use of
diagnostic and sensitivity analysis, future-year modeling, application of the EPA ozone attainment
demonstration procedures, and documentation procedures. Archival and data acquisition procedures are
also outlined in this document. The modeling protocol document is provided as a separate document to
this report.
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III. Base-Case Modeling Emission Inventory Preparation

This section discusses the development of the base-year emission inventory for the May 1998 modeling
episode period. A 1998 emissions inventory was developed for use as the current year emissions
inventory. The emission-processing tools used in preparing the inventory are EPA’s UAM Emission
Preprocessor System Version 2.5 (EPS 2.5), MOBILE 6, NONROAD and BEIS-2.

For ease of reading, all figures follow the text of this section.

South Carolina has chosen to use 1998 emissions data for the most current year instead of 1999 data.
There are two reasons for this choice. First, the 1998 inventory is considered more representative and
conservative than the 1999 emissions inventory. Second, these inventories were created prior to EPA
guidance calling for 1999 or later emissions data to be used. If these inventories were recreated using
1999 data, South Carolina would likely not be able to meet the deadlines for completion of the modeling
and would face a tremendous financial cost in developing the new inventories. Substantial resources were
expended to get the 1998 emission inventories to their current status. A change now would be a poor
financial choice given the minimal benefit using later data would provide.

The first issue concerns the change of emissions from 1998 to 1999. Tables 3-1 and 3-2 compare these
two periods of time for NO, and VOC for South Carolina sources:

Table 3-1.
Comparison of 1998 and 1999 Inventory Years NO, Emissions for South Carolina

Source 1998 NO, emissions (tpd) 1999 NO, emissions (tpd) Difference (tpd)  Difference (%)
Point 463.3 410.3 -53.0 -11.44

Area 57.2 59.1 +1.9 +3.32

Non-road 159.7 145.7 -14.0 -8.77

Mobile

On-road 344.0 ~355.0" +11.0 +3.2

Mobile

TOTAL 1024.2 970.1 -54.1 -5.28

1- The on-road VMT increased by 2.8 % from 1998 to 1999. The number shown is an approximation based on the 3.2 %
increase. SC used actual measured data from our state DOT to calculate the on-road emissions data. The data for on-road
emissions in the 1999 NEI for SC was calculated by a contractor and differs (428.65 tpd) due to the method used to distribute the
VMT data (actual measurements were not used). Please see below for further discussion.
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Table 3-2.
Comparison of 1998 and 1999 Inventory Years VOC Emissions for South Carolina

Source 1998 VOC emissions 1999 VOC emissions Difference (tpd) Difference (%)
(tpd) (tpd)

Point 120.0 105.38 -14.62 -12.18
Area 769.0 45191 -317.09 -41.23
Non-road 127.77 118.66 -9.11 -7.13
Mobile

On-road 282.0 276.27 -5.73 -2.03
Mobile

TOTAL 1298.77 952.22 -346.55 -26.68

As shown above, the emissions of NO, and VOC for South Carolina decrease for 1999 when compared
with 1998. For VOC the reduction is 26.7%, and for NO, the reduction is 5.3%. This means that the use
of 1998 data would be more conservative for South Carolina, and the use of 1998 emissions data should
satisfy EPA’s current year requirements.

When comparing SC 1999 NEI version 2 emissions data to the 1998 emissions generated by SC to be
used in ozone modeling, it was found that the 1999 NEI data were almost 20% higher for on-road mobile
daily NO, emissions. This seemed very high, especially compared to the little difference from the other
sources of NO, and also from CO and VOC. This issue was investigated further to see what might be
causing this large difference. A sort of the on-road mobile NO, emissions in the NEI data tables revealed
that some of the smaller population counties in the state were near the top for NO, emissions. Most of the
higher NO, emissions came from light duty gas vehicles (LDGV) on rural interstates. Further
investigation indicated the method used for allocating VMT to the county and road type levels was
causing the differences in NO, emissions. The total annual statewide VMT used in the 1999 NEI and in
the SC 1998 ozone modeling study are very similar, as Table 3-3 below indicates:

Table 3-3.
Comparison of 1998 SCDOT and 1999 NEI VMT Data for South Carolina

SC 98 Modeling Study 99 NEI Final version 2

Annual Statewide VMT 42.912,269,922.0 miles 44,145,704,316.35 miles
Avg Ozone Season Day VMT 114,530,939.6 miles 132,470,242.9 miles
Month of Ozone Season Analysis May July

OSD Temps used in input files Low- 65 High- 91 Low-72.1 High-91.2

SC used 1998 annual VMT by county and road type, collected by the SC Dept. of Transportation
(SCDOT). These numbers are based on actual road studies by the SCDOT. The 1999 NEI VMT starts
out with SCDOT annual VMT, which is reported to the Federal Highway Administration (FHWA) who
enter the data in the Highway Performance Management System (HPMS). EPA takes this annual number
and allocates it temporally by county and road type, using different allocation factors. According to
Laurel Driver of the USEPA-OAQPS, the contractor allocated the VMT data to rural interstates using the
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actual miles of rural interstate in each county. Distributing the VMT in this manner resulted in more
VMT being put on rural interstates than what the actual road count data indicated in 1998. Rural
interstates typically have a higher emission factor than the other road types because of the high speeds.
This explains much of the difference between the two years’ emissions. In summary, the 1998 on-road
mobile emissions were calculated using actual 1998 VMT, and the 1999 NEI v.2 on-road mobile
emissions were calculated with VMT data generated by the use of multiple allocation factors. Using
actual VMT data is more representative than using VMT developed by allocation factors.

The second issue concerns both the time and money. The legislative process South Carolina uses leaves
little time to complete the modeling work. In order to meet the EAC deadlines, South Carolina
regulations and SIP development must take final shape by late summer 2003 so they can go through the
legislative process and receive final approval by the SC DHEC Board by early January of 2004 at the
absolute latest. This means the sensitivity analyses and control strategy modeling runs must be completed
by late summer 2003 to ensure the chosen strategies will allow South Carolina to be in attainment with
the 8-hr ozone standard by 2007. Because of the tight schedule, South Carolina developed inventories for
2007, 2012 and 2017 based on the 1998 episode emissions data before EPA released its guidance on EAC
modeling. As stated earlier, if South Carolina starts over and uses 1999 emissions data, it would be very
difficult to meet the deadlines required by the South Carolina legislative process. There would also be a
significant additional cost associated with having to get a contractor to redo the inventory data based on
1999 data. South Carolina would have to get this work done by an outside contractor, as the capabilities
to do this work in-house do not exist at this point in time since South Carolina has very limited prior
experience with ozone modeling. This extra burden and substantial financial cost make little sense;
especially given the emissions are higher in South Carolina in 1998 than they were in 1999.

Therefore, based on the issues raised above, South Carolina has chosen to use 1998 emissions data in lieu
of 1999 data for the Early Action Compact ozone modeling.

A. Emission Data Sources
The modeling inventories for the episode were prepared based on the following information:

e 1996 National Emissions Trend (NET) Version 3 emission inventory.
o Emissions data provided by states for specific years.

e Episode-specific emissions data provided by individual facilities.

The 1996 NET inventory includes annual and ozone season daily emissions for oxides of nitrogen (NO,),
volatile organic compounds (VOC), carbon monoxide (CO), sulfur dioxide (SO,), particulate matter with
a diameter less than 10 and 2.5 microns (PM;y and PM, 5), and ammonia (NHj3). Since the modeling
inventories were prepared for use in ozone modeling applications, the ozone season daily emissions of
NO,, VOC, and CO from NET 96 were used for the modeling analysis.

B. Overview of Emissions Processing Procedures

To facilitate development of the detailed emission inventories required for photochemical modeling for
this analysis, EPA’s UAM Emission Preprocessor System, Version 2.5 (EPS 2.5) was used. This system,
developed by SAI consists of series of computer programs designed to perform the intensive data
manipulation necessary to adapt a county-level annual or seasonal emission inventory for modeling use.
EPS 2.5 provides the capabilities, and allows for the evaluation of proposed control measures for meeting
Reasonable Further Progress (RFP) regulations and special study concerns.
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The core EPS 2.5 system consists of a series of FORTRAN modules that incorporate spatial, temporal,
and chemical resolution into an emission inventory used for photochemical modeling. Point, area, non-
road and on-road mobile source emissions data were processed separately through the EPS 2.5 system to
facilitate both data tracking for quality control and the use of data in evaluating the effects of alternative
proposed control strategies on predicted future air pollutant concentrations.

Chemical Speciation

All point, area, non-road mobile, and on-road motor vehicle emissions were chemically speciated from
VOC into Carbon Bond Mechanism toxic species (CB4-tox). The speciation profiles were generated
based on the toxic compounds database and speciation profile file prepared for a previous study (Ligocki
et al., 1992, Ligocki and Whitten, 1992).

Temporal Allocation

The temporal variation profiles (monthly, weekly, and diurnal) assigned in the EPS 2.5 default input files
for the area and non-road mobile source categories were included in the modeling inventory. If peak
ozone season emissions data were provided in the input inventory, no additional seasonal adjustments
were applied.

For on-road motor vehicles, the default weekly and diurnal profiles provided with EPS 2.5 were used to
allocate daily emission rates by hour.

The operating schedule information (month/year, days/week, hours/day, and start hour) included in the
point source input data for each source was processed through an EPS 2.5 utility to generate source-
specific weekly and diurnal temporal variation profiles. These profiles were used to allocate the annual
emissions to the daily emissions, adjust the daily emission rates for the day of the week, and to allocate
the adjusted daily emissions to the hours of the episode day.

Episode-specific hourly emission rates (e.g., the point source data provided by Southern Company) were
incorporated directly into the modeling inventory.

Spatial Allocation

Point source emissions were directly assigned to grid cells based on the source location coordinates
included in the input emissions data for each source.

County-level area and non-road mobile emissions were allocated to grid cells using a combination of
gridded spatial allocation surrogates and link locations. The gridded spatial allocation surrogates file
includes fractions by grid cell of county area, population, and land-use for each county. To prepare this
file, SAI obtained gridded land-use data from the United States Geological Survey (USGS, 1990). The
land-use database, which has a spatial resolution of approximately 200 by 200 meters, includes data for
over 30 land-use categories. These categories were combined with the land-use categories required by
EPS 2.5 (e.g., urban, rural, residential, agriculture, deciduous forest, coniferous forest, water, etc.).
Population data from the Census Bureau for 2000 were gridded based on the location of the centroid of
each census block, and included in the spatial allocation surrogate file.

County-level on-road mobile emissions were allocated to grid cells using gridded roadway type and
population. This file was prepared based on the Tiger/Line database (U.S. Census Bureau, 1993, 1994).
The link data for limited-access primary roads, primary roads without limited access, and secondary roads
were extracted from the database, and used to generate the gridded roadway type surrogate file. The
airport location data from the database were used to spatially allocate the emissions from aircraft.
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C. Preparation of the Area and
Non-road Emission Inventory Component

Area source emissions for the states included in the modeling domain were generated based on the 1996
NET Version 3 emission inventory, with three exceptions. Data for the following areas were provided by
their respective states, and supplemented by 1996 NET Version 3 data for source categories not available
in state data:

e 1998 county-level emissions for South Carolina.
e 1996 county-level emissions for Mississippi.

e 1999 county-level emissions for Hamilton and Davidson, Tennessee.

County-level emission estimates for the majority of non-road mobile source emissions were developed
using EPA’s draft NONROAD model (June 2000 version) with the May maximum, minimum and
average temperatures by state (provided by EPA’s “National Air Pollutant Emission Trends, Procedures
Document for 1990-1996). Aircraft, commercial marine vessels, and locomotives were not included in
the NONROAD model, and the emissions for those categories were taken from the 1996 NET database.
The 1999 county-level aircraft emissions provided by SC DHEC were also incorporated in the inventory.

D. Preparation of the Mobile Source Emission

Inventory Component
The on-road mobile source emissions were prepared using MOBILEG6 and county-level daily vehicle
miles traveled (VMT) data for the States of South Carolina, North Carolina, Georgia and Tennessee. The

1996 NET Version 3 on-road mobile emissions were used for the other states within the modeling
domain.

The following data were provided by the states for on-road mobile emission inventory preparation:

State of South Carolina MOBILES® input for 1998
1998 county-level daily vehicle miles traveled (VMT) data.
State of North Carolina 1998 county-level daily VMT data.
State of Georgia MOBILES® input for 1999 (converted to MOBILEG6 input for 1998)

1999 county-level daily VMT data.

State of Tennessee MOBILES® input for 1999 (converted to MOBILEG6 input for 1998)
1998 county-level daily VMT data.

The MOBILES® input files were used to generate the emission factors for total organic gasses (TOG),
NO,, and CO. The county-level emissions were calculated for each vehicle class and roadway
classification by multiplying the appropriate emission factor from MOBILEG by the county-level VMT
for that vehicle class and roadway classification, using the EPS 2.5 program MVCALC.

For the other states, the on-road mobile source emissions were generated based on the 1996 NET Version
3 data. The growth and adjustment factors developed by Department of Civil and Environmental
Engineering, University of Tennessee were applied to the NET 96 data to project emissions from the 1996
MOBILE 5b level to the 1998 MOBILE 6 level.
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E. Preparation of Point Source Emission
Inventory Component

The point source emission inventory was prepared based on emissions provided by States of Alabama,
Mississippi, South Carolina, North Carolina, and Tennessee. Emissions for the other states were based on
the NET 96 Version 3 data base.

Southern Company and the utilities in South and North Carolina provided episode-specific point source
emissions.

The detailed state- and facility-specific point source data are as follows:

State of South Carolina Episode-specific emissions for Duke Lee and CP&L Robinson based on
US EPA Clean Air Markets 1998 Acid Rain data base;

Episode-specific emissions for Santee Cooper and SCE&G facilities;
1998 annual emission data for other facilities.

State of North Carolina Episode-specific emissions for utilities based on US EPA Clean Air
Markets 1998 Acid Rain data base.

State of Alabama 1999 annual point source emissions.

State of Mississippi 1999 annual point source emissions.

State of Tennessee 1999 annual point source emissions for Hamilton, Knox, Davidson, and

Shelby County, Tennessee.

The point source data provided by Southern Company and utilities in South and North Carolina include
hourly emission rates, which were used to calculate daily emissions and to create the episode-specific
diurnal profiles for each source, for each episode day. In addition to providing the location, stack height,
and exit diameter, the point source data provided by Southern Company include hourly flow rate and exit
temperature for each source, and this information was also incorporated in the modeling inventory.

F. [Estimation of Biogenic Emissions

The EPA’s Biogenic Emission Inventory System (BEIS-2) was used to estimate day-specific biogenic
emissions for the modeling analysis with Version 3.1 of the Biogenic Emissions Landcover Database
(BELD?3). Gridded surrogates of land use/vegetation information were created at 4-km resolution for the
entire modeling domain, based on the 1-km BELD3 data. Biogenic emissions were then calculated using
the 4-km resolution information. Temperature and solar radiation estimates were extracted from the
output of the MMS5 meteorological model.

G. Quality Assurance

Quality assurance involved tracking the emission inventory data sets through each step of modeling
inventory preparation. The summary message files produced by each EPS 2.5 module were reviewed to
identify any warning or error messages indicating potential problems in processing, and to verify input
and output emission totals for each processing step.
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Graphic representations of the spatial variation in each component (area source emissions, biogenic
emissions, etc.) of the final UAM-V ready modeling inventory files were prepared and reviewed for
appropriateness.

After each of the inventory components were completed and merged, the emissions were summarized by
major inventory component for all grids in the modeling domain, for each of the episode days. The final
review was performed before the UAM-V modeling.

H. Summary of the Modeling Emissions Inventories

The emission summaries for the 1998 base case episode are presented in Tables 3-4 through 3-6. The
emission summaries are given by species (NO,, VOC and CO) and by major source category. The low-
level emissions include anthropogenic (area, non-road, on-road motor vehicle, and low-level point
sources) and biogenic sources. The units are in tons per day.

Graphical depictions of the emissions are provided for the South Carolina, Georgia and North Carolina
domain (Grid 3) in Figures 3-1 to 3-7, following the tables. Biogenic VOC emission estimates derived
using the BEIS-2 algorithm differ by episode day due to different ambient temperatures. Figure 3-1
presents emission density plots of biogenic VOC emissions for 18 May 1998 as one representative day of
the episode.

Anthropogenic emissions do not vary day-to-day as much as biogenic emissions. Figures 3-2 through 3-7
provide NO, and VOC emission density plots for area source, mobile sources, and total low-level
anthropogenic emissions, respectively, for 18 May 1998, illustrating emissions for a typical weekday of
the episode. Figures 3-8 and 3-9 present NO, and VOC emissions, respectively, for elevated point sources
for 18 May 1998. (Note: the largest circle in Figure 3-9 reflects an error in emissions for one facility in
Alabama. This error has been corrected in the emissions inventory used in the modeling.) The locations
of the circles depict the location of the sources while the size of the circles represents the magnitude of
the emissions. Figure 3-10 presents average daily (18 — 22 May) NO, and VOC emissions from area
sources, elevated and low-level point sources, and on-road and off-road mobile sources for the early
action compact areas that have been designated non-attainment for ozone.

I11-7



II1. Base-Case Modeling Emission Inventory Preparation

Table 3-4
Summary of May 1998 SCDHEC Base Case Emissions (tons/day) in Grid 1

980516 980517 980518 980519 980520 980521 980522 980523

Area 1078 164 1115 1115 1115 1115 1115 1078
Motor vehicle 6836 5982 7192 7335 7264 7406 7905 6836
Non-road 2685 2685 3555 3555 3555 3555 3555 2685
Low-level point 295 291 316 316 316 316 316 295
Biogenic 943 927 919 968 971 991 877 859
All low-level 11837 10048 13097 13288 13220 13383 13767 11753
Elevated point 8303 8159 8497 8521 8545 8590 8529 8204
TOTAL 20139 18207 21595 21809 21765 21972 22296 19957

980516 980520 980521
Area 4236 3213 7136 7136 7136 7136 7136 4236
Motor vehicle 4043 3537 4253 4337 4295 4379 4674 4043
Non-road 1957 1957 1855 1855 1855 1855 1855 1957
Low-level point 878 797 1449 1449 1449 1449 1449 878
Biogenic 73762 73669 76814 85866 77747 81801 50713 44857
All low-level 84875 83173 91506 100642 92481 96620 65826 55971
Elevated point 685 658 780 779 781 773 765 664
TOTAL 85560 83831 92286 101421 93263 97393 66591 56635

980516 980517 980518 980519 980520 980521 980522 980523

Area 4770 3848 5524 5524 5524 5524 5524 4770
Motor vehicle 43314 37900 45570 46472 46021 46924 50082 43314
Non-road 14332 14332 15446 15446 15446 15446 15446 14332
Low-level point 617 609 632 632 632 632 632 617
Biogenic 0 0 0 0 0 0 0 0
All low-level 63033 56690 67171 68074 67622 68525 71683 63033
Elevated point 4289 4254 4398 4398 4399 4398 4398 4289
TOTAL 67322 60944 71570 72472 72022 72923 76081 67322
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Table 3-5
Summary of May 1998 SCDHEC Base Case Emissions (tons/day) in Grid 2

980516 980517 980518 980519 980520 980521 980522 980523

Area 391 86 416 416 416 416 416 391
Motor vehicle 3375 2953 3551 3622 3586 3657 3903 3375
Non-road 941 941 1382 1382 1382 1382 1382 941
Low-level point 122 119 133 133 133 133 133 122
Biogenic 395 387 376 386 401 414 377 366
All low-level 5225 4486 5858 5939 5919 6002 6211 5196
Elevated point 3273 3194 3344 3360 3383 3427 3362 3177
TOTAL 8498 7681 9202 9299 9302 9429 9574 8373

980516 980520 980521
Area 2354 1729 4061 4061 4061 4061 4061 2354
Motor vehicle 2156 1886 2268 2313 2290 2335 2493 2156
Non-road 913 913 930 930 930 930 930 913
Low-level point 456 409 862 862 862 862 862 456
Biogenic 42318 37763 39449 43844 41895 46268 33792 28148
All low-level 48196 42701 47571 52011 50039 54457 42138 34026
Elevated point 231 226 284 284 286 283 282 235
TOTAL 48427 42927 47854 52294 50325 54740 42419 34261

980516 980517 980518 980519 980520 980521 980522 980523

Area 2996 2478 3461 3461 3461 3461 3461 2996
Motor vehicle 22801 19951 23989 24464 24226 24701 26364 22801
Non-road 7028 7028 7843 7843 7843 7843 7843 7028
Low-level point 372 366 381 381 381 381 381 372
Biogenic 0 0 0 0 0 0 0 0
All low-level 33197 29823 35674 36149 35911 36386 38049 33197
Elevated point 1038 1029 1051 1051 1051 1050 1050 1038
TOTAL 34235 30852 36725 37200 36962 37436 39099 34235
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Table 3-6
Summary of May 1998 SCDHEC Base Case Emissions (tons/day) in Grid 3

980516 980517 980518 980519 980520 980521 980522 980523

Area 154 44 166 166 166 166 166 154
Motor vehicle 1608 1407 1692 1725 1708 1742 1859 1608
Non-road 451 451 702 702 702 702 702 451
Low-level point 34 33 38 38 38 38 38 34
Biogenic 176 174 169 170 177 189 170 164
All low-level 2424 2109 2765 2800 2791 2836 2934 2412
Elevated point 1282 1279 1397 1412 1452 1537 1493 1376
TOTAL 3705 3388 4163 4212 4243 4373 4427 3788

980516 980520 980521
Area 1287 944 2231 2231 2231 2231 2231 1287
Motor vehicle 1110 971 1167 1191 1179 1202 1283 1110
Non-road 416 416 487 487 487 487 487 416
Low-level point 159 137 388 388 388 388 388 159
Biogenic 21777 18505 19885 21567 18982 24258 17438 13491
All low-level 24748 20973 24159 25863 23267 28566 21827 16462
Elevated point 102 100 139 139 141 142 143 108
TOTAL 24850 21074 24298 26003 23408 28708 21970 16571

980516 980517 980518 980519 980520 980521 980522 980523

Area 1596 1336 1838 1838 1838 1838 1838 1596
Motor vehicle 11615 10163 12220 12462 12341 12583 13430 11615
Non-road 3725 3725 4472 4472 4472 4472 4472 3725
Low-level point 39 38 43 43 43 43 43 39
Biogenic 0 0 0 0 0 0 0 0
All low-level 16976 15263 18573 18815 18694 18936 19783 16976
Elevated point 412 408 439 438 439 438 438 413
TOTAL 17388 15671 19012 19254 19133 19375 20222 17388
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Figure 3-10a. Anderson, Greenville, Spartanburg area NOx 1998 Episode Emissions
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Figure 3-10b. Anderson, Greenville, Spartanburg area VOC 1998 Episode Emissions

200

180

160

140

120

Average Tons/Day 100

80

60

40

Area Elevated Point Motor Vehicles Non-Road Mobile Low-Level Point

111-21



I11. Base-Case Modeling Emission Inventory Preparation

Figure 3-10c. Anderson area NOx 1998 Episode Emissions

20

18

16

14

12

Average Tons/Day 10

Area Elevated Point Motor Vehicles Non-Road Mobile Low-Level Point

111-22



I11. Base-Case Modeling Emission Inventory Preparation

Figure 3-10d. Anderson area VOC 1998 Episode Emissions
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Figure 3-10e. Greenville area NOx 1998 Episode Emissions
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Figure 3-10f. Greenville area VOC 1998 Episode Emissions
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Figure 3-10g. Spartanburg area NOx 1998 Episode Emissions
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Figure 3-10h. Spartanburg area VOC 1998 Episode Emissions
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Figure 3-10i. Columbia area NOx 1998 Episode Emissions
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Figure 3-10j. Columbia area VOC 1998 Episode Emissions
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IV. Meteorological Modeling
and Input Preparation

The UAM-V photochemical model requires hourly, gridded input fields of wind, temperature, water-
vapor concentration, pressure, vertical exchange coefficients (K,), cloud cover, and rainfall rate. These
meteorological inputs were prepared for the South Carolina UAM-V application using the Pennsylvania
State University/National Center for Atmospheric Research (PSU/NCAR) Mesoscale Model, Version 5
(MMS).

MMS is a state-of-the-science dynamic meteorological modeling system that has been used in several
previous air quality modeling applications. Key features of the MMS5 modeling system that are relevant to
its use in this study include multiple nested-grid capabilities, incorporation of observed meteorological
data using a four-dimensional data-assimilation technique, detailed treatment of the planetary boundary
layer, and the ability to accurately simulate features with non-negligible vertical velocity components,
such as the sea breeze (a non-hydrostatic option). The MM5 modeling system is widely used and is
currently supported by NCAR.

This section of the report contains an overview of MMS5, the application procedures used, and the results
obtained for this study. For ease of reading, all figures are presented following the text of this section.

A. Overview of the MMS Meteorological Modeling System and
Application Procedures

A general description of this three-dimensional, prognostic meteorological model is found in Anthes and
Warner (1978); many of the newer features are described by Dudhia et al. (2001). The governing
equations include the equations of motion, the continuity equations for mass and water vapor, and the
thermodynamic equation. Those features relevant to this application are briefly described in this section.

Non-Hydrostatic Option

The current version of MMS5 can be applied in a non-hydrostatic mode. This option improves simulation
of small-scale vertical motions, such as those associated with the sea breeze and terrain effects. Because
this can be important to the accurate simulation of airflow and other features at high horizontal resolution,
the non-hydrostatic option was utilized for this study.

Modeling Domain

The MMS5 modeling system supports the use of multiple nested grids. This feature is designed to enable
the simulation of any important synoptic scale features at coarser resolution, while incorporating a high-
resolution grid over the primary areas of interest. In this manner, the computational requirements
associated with use of a high-resolution grid over a large domain are avoided. A one-way nesting
procedure, in which information from the simulation of each outer grid is used to provide boundary
conditions for the inner grids, is generally recommended and was used for this application.

The South Carolina MMS5 modeling domain is presented in Figure 4-1. It consists of an extended outer
grid with approximately 108 km horizontal resolution and three inner (nested) grids with approximately
36, 12, and 4 km resolution, respectively. A Lambert Conformal map projection was used for the
application, to minimize the distortion of the grids within the area of interest. Information from the
simulation of each outer grid provided boundary conditions for the inner grids. This one-way nesting
procedure is the standard approach to nested-grid MMS5 applications.
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IV. Meteorological Modeling and Input Preparation

Vertical Coordinate System and Structure

The MMS5 model employs the sigma vertical coordinate: o= (p — p)/(ps — p,), where p is pressure, p, is
the constant pressure specified as the top of the modeling domain, and p; is the surface pressure. The
sigma-coordinate surfaces follow the variable terrain. Twenty-two vertical levels were employed for this
application such that the greatest vertical resolution was obtained within the boundary layer. The vertical
layer structure is summarized in Table 4-1.

Table 4-1
MMS5 vertical levels for the South Carolina application.

Level Sigma Average Height
(m)

1 0.996 30
2 0.988 80
3 0.982 125
4 0.972 215
5 0.960 305
6 0.944 430
7 0.928 560
8 0.910 700
9 0.890 865
10 0.860 1115
11 0.830 1370
12 0.790 1720
13 0.745 2130
14 0.690 2660
15 0.620 3375
16 0.540 4260
17 0.460 5240
18 0.380 6225
19 0.300 7585
20 0.220 9035
21 0.140 10790
22 0.050 13355

The governing equations are integrated over a grid that is staggered in the horizontal and vertical
(Messinger and Arakawa, 1976). In the horizontal, the u and v wind components are calculated at points
that are staggered with respect to those for all other variables. In the vertical, vertical velocity is defined at
the sigma levels while all other variables are defined at intermediate sigma levels.
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Planetary Boundary Layer Treatment

To facilitate the realistic simulation of processes within the atmospheric boundary layer, variable surface
parameters (including albedo, roughness length, and moisture availability) and a high-resolution planetary
boundary layer (PBL) parameterization may be specified. For this study, the MRF high-resolution PBL
scheme was employed. This scheme is compatible with the UAM-V formulation, and the requirements for
specification of vertical exchange coefficients discussed below. This theoretical compatibility was also
confirmed through sensitivity testing. Based on a series of tests using other of the PBL schemes, the
vertical exchange coefficients derived using the MRF scheme produced the most realistic ozone levels
and diurnal profiles. The PBL parameterization also requires use of a multi-layer soil temperature model,
an otherwise optional feature of MMS5.

Convective Parameterization

Several cumulus parameterization schemes are available in MMS5 to parameterize the effects of
convection on the simulated environment. Several explicit moisture schemes are available for high-
resolution grids. For the coarser grids specified for this application, the Kain-Fritsch cumulus
parameterization scheme (Kain and Fritsch, 1990) was used to parameterize the effects of convection on
the simulated environment. This feature was not employed for the high-resolution (4-km) grid where an
explicit moisture scheme (stable precipitation) was used.

Data Assimilation

The MM5 model supports four-dimensional data assimilation (FDDA), a procedure by which observed
data are incorporated into the simulation. FDDA options include (1) “analysis nudging” in which the
simulation variables are relaxed or “nudged” toward an objective analysis that incorporates the observed
data and (2) “obs nudging” in which the variables are nudged toward individual observations.

For this study, three-dimensional analysis nudging was used for all variables. The nudging coefficients
were specified to achieve weak nudging of the moisture fields (1 x 10) and stronger nudging of the
temperature and wind fields (2.5 x 10 for the 108 through 12-km grids, and 1 x 10 for the 4-km grid)
toward the observational analyses.

Calculation of Vertical Exchange Coefficients

The MM5 modeling system was modified to include the output of the internally calculated vertical
exchange coefficients (K,). The K, values are intended to represent non-local or multi-scale diffusion
coefficients (rather than local diffusion coefficients) as described by Hong and Pan (1995). This
information was used to specify the vertical exchange coefficients required by the UAM-V modeling
system.

Initialization/Re-Initialization Scheme

For each simulation period, the model was initialized at 0000 GMT on the first day of the period. Thus,
each MMS5 simulation period includes a five-hour initialization period, before the output was used to
prepare inputs for the UAM-V model. For the three outer grids, the MMS5 was run continuously for the
multi-day simulation period. For the higher-resolution grid, the model was reinitialized after each three
days of simulation. Each re-initialization also included an additional 5-hour initialization period. Re-
initialization was necessary to avoid the build up of non-meteorological noise in the simulation results
that tended to occur after approximately 3 to 3 2 days of simulation. The input fields from each
simulation were inspected to ensure that piecing together the simulations did not create discontinuities in
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the meteorological inputs (the use of FDDA will alleviate this possibility). In any event, this occurred at
midnight—a time that is not especially important in photochemical modeling.

Simulation Time Step(s)

The time step used for the simulations ranged from several minutes for the outermost (approximately 108
km) grid to 12 seconds for the innermost (approximately 4 km) grid.

MMS5 Input Data

The data for preparation of the terrain, initial and boundary condition, and FDDA input files for this
application were obtained from NCAR. The MMS5 input files were prepared using the preprocessor
programs that are part of the MMS5 modeling system (Gill, 1992).

Meteorological data for the application of MMS5 were also obtained from NCAR. These include the
National Center for Environmental Prediction (NCEP) global analysis, and surface- and upper-air wind,
temperature, moisture, and pressure data for all routine monitoring sites within the domain. The sites
include National Weather Service (NWS) sites, buoys, and a few international monitoring sites. Sea-
surface temperature data were also obtained from NCAR. These data comprise the standard data set for
application of the MMS5 modeling system, and were used for data assimilation as well as for the
evaluation of the modeling results.

B. Preparation of UAM-V Ready Meteorological Fields

The meteorological modeling consisted of an initial application of the MMS5 modeling system and two
additional simulations using revised input parameters or application procedures. The meteorological
modeling was a part of the overall UAM-V diagnostic analysis (as discussed in the following section).

Following the application of MMS5, the simulation results were plotted and reviewed using a variety of
graphical analysis tools. These included static plots of wind, temperature, specific humidity, vertical
exchange coefficients, cloud cover, and rainfall, for selected domains, hours, and vertical levels as
appropriate. The number and type of plots varied by episode, as needed to assess various aspects of the
episode-specific meteorological conditions. The output was also examined using a view/animation
graphics tool designed for use with MM5°. At this stage the MM35 results were also compared with
observed wind, temperature, moisture, and cloud cover data—to identify geographical areas or time
periods for which the model output did not represent the data well and as a check on the effectiveness of
the data assimilation.

The MMS5 output was then postprocessed to correspond to the UAM-V modeling domain and the units
and formats required by the modeling system using the MM52UAMYV postprocessing software. Wind,
temperature, water-vapor concentration, pressure, vertical exchange coefficient, cloud-cover, and rainfall-
rate input files containing hourly, gridded estimates of these variables were derived from the MM5
output. Surface temperature and solar radiation were postprocessed for use in preparing the mobile-source
and biogenic emissions estimates.

3 Environmental WorkBench, SSESCO, Minneapolis, MN.
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C. Discussion of Procedures Used to Diagnose and Correct
Problems and Improve Meteorological Fields

There are no specific criteria as to what constitutes an acceptable set of meteorological inputs for
photochemical modeling. Throughout the course of the South Carolina modeling analysis, modifications
were being made to the MM52UAMYV postprocessing software for other applications, and updated
versions of the software were applied to this project as they became available. A quick summary of the
updates are listed here:

o The vertical diffusion coefficients were normalized, to ensure that the maximum value represented by
MMS was also represented in the UAM-V ready K, fields.

e Similarity theory was applied to estimate surface wind speed, and average winds within the lowest
UAM-V model layer.

A brief discussion of each of these follows.

For each horizontal grid cell, the vertical profile of the K,s determines the diffusive mixing within the
vertical column. For this application, hourly K,s were output by MMS5 for each horizontal grid cell and
MMS layer. These were then interpolated to the UAM-V layers (layer interface levels) for use by the
photochemical model. To avoid excessive smoothing of the maximum MMS5-derived K, value (a possible
result of interpolation), the K, values were renormalized for each level based on the ratio of the MMS5-
derived maximum value and the interpolated maximum value. In this way, both the magnitude and
vertical variation in K,, as simulated by MMS5, were retained in the UAM-V ready fields. In testing this
technique, we found the difference between the interpolated and renormalized values to be greatest over
varied terrain, where large K, values are sometimes associated with terrain-induced vertical motions.
Incorporating this modification into the meteorological inputs for the South Carolina application resulted
in a slight increase in ozone at certain sites and a slight improvement in model performance. This
modified postprocessing procedure was applied for all grids and was used to prepare the final base-case
input fields.

Most applications of MMS, including this one, use for wind calculation a lowest layer that is
approximately 30 to 40 m above ground level (this varies in accordance with the pressure-based sigma
coordinate system). On the other hand, the lowest UAM-V layer is typically 50 m in thickness, and the
wind speeds for this layer are intended to represent approximately 25 m above ground. For this
application, the MM5-derived wind speeds were adjusted using similarity theory (e.g., as described by
Panofsky and Dutton, 1984) to better represent the winds at the 25 m level. Similarity theory accounts for
the effects of turbulence on atmospheric variables within the lowest portion of the atmospheric boundary
layer, and thus provides a basis for estimating the wind speed profile within the surface layer. This profile
is then used to adjust the MMS5-derived speed so that it represents wind speed at the 25 m level. The result
is a slight reduction in wind speed for the lowest UAM-V layer, instead of a straight mapping of the MM5
wind to this layer. For this application, the effects of the wind speed adjustment on the UAM-V simulated
ozone concentrations were very small. Nevertheless, this approach represents a potentially improved use
of the MMS5 results, and so was used to prepare the final base-case input fields.

D. Presentation and Evaluation of MMS5 Results

In this section we present the MMS5 results corresponding to those that were used in the final UAM-V
base-year (or base-case) simulation, as well as in the future-year simulation. The plots presented here
were selected to illustrate the meteorological conditions associated with the modeling episode periods,
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and to provide information regarding the ability of the MMS5 modeling system to represent some of the
key meteorological features.

In presenting the results, we focus on wind, temperature, and vertical exchange coefficients—three key
meteorological inputs for UAM-V (and, in the case of temperature, the emissions processing procedures).
The domains and sites were selected to illustrate the key simulation features and the results for different
areas within the domain, the areas of interest in particular. For the MMS5 wind plots shown with
observations, the display times were chosen based on observed data times or key hours relative to ozone
activity (0700 EST for upper air plots and 1300 EST for surface plots). The MMS5 plots are shown for all
episode days.

To illustrate the evolution of the day-to-day wind patterns, UAM-V wind fields for both the surface and a
selected upper level (approximately 1500 m) are shown for 1600 EST. This is generally around the time
of maximum ozone concentration. The UAM-V ready wind fields are shown for all modeling episode
days.

MMS Upper-Level and Surface Wind Fields

The ability of the MMS5 modeling system to represent the observed wind fields is illustrated for 16 - 23
May in Figures 4-2 and 4-3. Figure 4-2 gives the upper-level winds for approximately 1100 m agl for the
36-km resolution regional-scale grid (Grid 1 for MMS5). The time 0700 EST was chosen to illustrate the
upper level winds because radiosonde data are also available for this hour. The observed wind vectors are
overplotted in bold. In general, the good agreement between simulated and observed winds indicates that
the MM5 model replicates well the observed wind patterns for this level.

Surface layer wind fields (approximately 29 m agl) are plotted in Figure 4-3 for 1300 EST on the same
days. This time was selected to illustrate the surface-level winds during the afternoon hours, typically just
prior to the highest afternoon ozone concentrations. The domain shown in this figure is the 4-km MMS5
domain. A southeasterly component dominates the winds over most of South Carolina on the 16™ of May.
A sea breeze is apparent in both the observation and the simulated fields in the vicinity of Charleston;
elsewhere along the coastline the sea breeze appears to be overstated by the model. The clock-wise
circulation of a high-pressure system off the coast of South Carolina is also evident. A stationary front is
indicated over the central portion of South Carolina (and into North Carolina) on the 17", Wind speeds
and directions are well represented, including the convergence along the frontal zone. Winds over the
northwestern part of the state are northeasterly, while those over the southeastern part of the state are
southwesterly. A northeasterly component dominates the winds on the 18™. Again, wind speeds and
directions are fairly well represented in the MMS5 results, with a few exceptions. Very light winds
characterize the wind patterns for the 19", especially over the central portion of the state. This marks the
transition to higher wind speeds and predominant westerly wind directions for the remainder of the
simulation period. Over South Carolina, the surface winds are from the southwest on the 20" and from the
west, veering to northwesterly, on the 21%. The model is a little slow in establishing this transition to
northwesterly winds. Note the change in wind direction along the Atlantic coastline. Another weak front
extending from northwest South Carolina to the coast is evident in the wind fields for 22 May. At the time
shown in the plot, the modeled field appears to have the frontal system located slightly too far to the north
(near the Georgia/South Carolina border). Winds on the 23" are similar to those on the 21*. The influence
of the Appalachian Mountain range is evident in many of the simulated fields. Observations in the
influence zone of the mountains are not consistently represented in the simulation; agreement with the
observations is sometimes good, sometimes not so good. Overall, the surface wind observations are well
represented by MMS. The performance of the model in representing the surface winds tends to be least
good in the northern part of this grid, especially under light wind conditions. Some of the best agreement
with the observed data is achieved for sites in South Carolina. Surface wind speeds and directions over
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northern Georgia and North Carolina also tend to be fairly well represented, with an exception noted for
North Carolina on the 22",

UAM-V Ready Wind Fields

The evolution of the regional-scale airflow patterns for the 16-23 May 1998 modeling episode period is
illustrated in Figure 4-4 with once-daily (1600 EST) plots of the wind fields for layer 9 of the UAM-V
model (approximately 1500 m agl). The regional-scale wind fields shown are for UAM-V Grid 1 (with
approximately 36-km resolution). The wind fields show predominantly northwesterly wind components
for the 16", northerly components for the 17", southerly components to the northwest of the Appalachian
Mountains and northerly components to the southeast on the 18", and clockwise circulation associated
with high pressure centered over southern Georgia on the 19", moving to the Gulf on the 20", Winds on
the 21* through the 23 are predominantly from the west.

Surface-layer UAM-V ready wind fields for Grid 3 are shown in Figure 4-5 at 1600 EST. The wind fields
show predominantly southwesterly wind components for the 16", cyclonic flow on the 17", northeasterly
wind components for the 18", southwesterly components on the 19" and 20", and westerly components
on the 21°. A front situated over the southeastern U.S. is indicated in the wind fields of the 22™. On the
23" wind components are once again southwesterly.

MMS5 Temperature Fields

MM5-derived surface temperatures are compared with observed values for several monitoring sites in the
4-km grid in Figure 4-6. The tendency for higher temperatures during the latter half of the modeling
episode period is captured by MMS5. However, MMS5 tends to overestimate the maximum temperatures for
most days at all sites. Noted exceptions are lower-than-observed temperatures for Augusta on the 20", for
Charleston and Columbia on the 22™, and for Greenville on the 23™. Note that for this comparison, the
MMS5-derived ground temperatures are compared with surface-layer measurement (typically for 5 m agl).
Thus the MMS5 temperatures are expected to be higher than the observations during the daytime hours and
lower during the nighttime hours, as indicated in most of the plots.

MM5-Derived Vertical Exchange Coefficients

Finally, vertical profiles of the MMS5-derived vertical exchange coefficients (K,) are presented in Figure
4-7 for selected locations at 1300 EST for 16 - 23 May. As a general rule of thumb, the mixing height is
approximately the level at which the value of K, drops to ten percent of its maximum value. These
profiles exhibit expected vertical distributions and indicate that the maximum effective mixing heights,
when they are able to be determined, range from 500 to 1600 m during the episode at this time. On the
16", mixing heights are relatively constant over the region, ranging from 1450 to 1600 m at the four sites.
Mixing heights are lower on the 17", ranging from 1100 to 1200 m at three of the four sites. Mixing
heights at Augusta at this time on this day are undefined based on this technique. Mixing heights on the
18™ are similar to those on the 16" and are approximately 1600 m at all four sites. Mixing heights on the
19™ are also approximately 1600 m at three of the four sites, and approximately 1100 m at Columbia.
Mixing heights on the 20™ are undefined at Augusta by this technique, and are approximately 1550 m at
the other three sites. Mixing heights on the 21* are once again approximately 1600 m at the four sites. On
the 22™, mixing heights are undefined at Columbia, and range from 500 m at Greenville, the
northernmost site, to 1550 m at Charleston in the southeast. On the 23", the last day of the episode,
mixing heights are undefined at Columbia and Greenville, and range from 1500 to 1600 m at Augusta and
Charleston, respectively.
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E. Quality Assurance of the Meteorological Inputs

The MMS5 results were evaluated using mostly graphical analysis. The overall evaluation of the MM5
results included the following elements. For the outer grids, examination of the MM5 output focused on
representation of the regional-scale meteorological features and airflow patterns, and included a
comparison with weather maps. A more detailed evaluation of the results for the inner, high-resolution
grid emphasized representation of the observed data, terrain-induced and other local meteorological
features, and vertical mixing parameters. To the extent possible, the modeling results were compared with
observed data. In the absence of data (e.g., for unmonitored areas and for not-measured parameters such
as K,), the MMS5 results were examined for physical reasonableness as well as spatial and temporal
consistency.

Comparison with the observed data was primarily used to examine the model’s ability to represent key
meteorological features such as wind speeds, wind directions aloft, and site-specific temperatures. The
UAM-V ready meteorological inputs were also plotted and examined to ensure that the characteristics and
features present in the MMS5 output were retained following the postprocessing step. The ability of the
MMS5 model to reproduce observed precipitation patterns was qualitatively assessed by comparing
simulated and observed rainfall patterns, using NWS data. Some rainfall occurred during the episode
periods and this was reflected in the MMS5.

The following graphical summaries were prepared to facilitate the review/evaluation of the
meteorological inputs:

e 3-dimensional visualizations of the MMS5 output using the Environmental WorkBench software (an
enhanced version of VIS-5D)

e Xx-y cross-section plots of the MMS5 wind fields for several levels and times, with observations
overplotted for MMS5 Grids 1, 2, and 3

e Xx-y cross-section plots of the UAM-V ready wind, temperature, vertical exchange coefficient, cloud
cover, and rainfall-rate fields for several times and levels (as appropriate)

On two occasions during the course of modeling analysis, we enhanced the MM52UAM-V software for
other applications, and re-processed the fields using enhanced versions of the software.

Finally, the process analysis feature of UAM-V was also used to further examine the role of the
meteorological inputs in determining the simulated concentration patterns and levels and their
contribution to good or poor model performance. The role of meteorology in the diagnostic analysis for
UAM-V is discussed in more detail in Section 6.
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